Two metabolism trials were conducted to determine the effect of altering dietary Na and K on Mg availability. Three dietary treatments (normal K-normal Na, high K--normal Na and high K-high Na) were imposed upon nine crossbred wether lambs in a randomized block design. Each trial consisted of a 5-d diet adjustment, a lO-d preliminary period and a 5-d collection of feed, feces and urine. Increasing K and Na intake increased the percentage of Mg excreted in feces. Both elevated K and K--Na depressed (P<.10) urinary Mg excretion, primarily a reflection of depressed Mg absorption in animals fed these diets. Apparent K absorption and retention increased when animals were supplemented with K. Addition of Na to the diet did not alter absorption or retention of K. Apparent K and Na availability increased when K and Na supplements were included in the diet. This increased availability resulted from increased total absorbed K and Na compared with a fixed endogenous excretion. Calcium balance in lambs was not affected by addition of K or Na. Lambs were able to absorb enough Mg from their respective diet to maintain normal serum Mg levels. Addition of Na to a diet high in K did not enhance Mg absorption in lambs. (Key Words: Magnesium, Potassium, Sodium, Ruminants, Grass Tetany.)
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Summary
Two metabolism trials were conducted to determine the effect of altering dietary Na and K on Mg availability. Three dietary treatments (normal K-normal Na, high K--normal Na and high K-high Na) were imposed upon nine crossbred wether lambs in a randomized block design. Each trial consisted of a 5-d diet adjustment, a lO-d preliminary period and a 5-d collection of feed, feces and urine. Increasing K and Na intake increased the percentage of Mg excreted in feces. Both elevated K and K--Na depressed (P<.10) urinary Mg excretion, primarily a reflection of depressed Mg absorption in animals fed these diets. Apparent K absorption and retention increased when animals were supplemented with K. Addition of Na to the diet did not alter absorption or retention of K. Apparent K and Na availability increased when K and Na supplements were included in the diet. This increased availability resulted from increased total absorbed K and Na compared with a fixed endogenous excretion. Calcium balance in lambs was not affected by addition of K or Na. Lambs were able to absorb enough Mg from their respective diet to maintain normal serum Mg levels. Addition of Na to a diet high in K did not enhance Mg absorption in lambs. (Key Words: Magnesium, Potassium, Sodium, Ruminants, Grass Tetany.)
I ntrod uct ion
Hypomagnesemic tetany, a nutritional and metabolic disorder, is caused by low dietary levels and availability of Mg (AUcroft and Burns, 1968) . Magnesium availability is negatively correlated with level of dietary K (Suttle and Field, 1969; Newton et al., 1972; Field and Suttle, 1979; Greene et al., 1983a,c) . Greene et al. (1983b,c) reported the preintestinal region to be the site of depressed Mg absorption in ruminants consuming elevated quantities of K.
MacGregor and Armstrong (1979) reported increased quantities of K fed to sheep resulted in an increased K to Na ratio in rumen fluid. Martens et al. (1978) suggest that Mg absorption in the rumen involves an active transport mechanism that is dependent upon Na § +-Mg 2+ ATPase. Behar (1974) reported a depressed rate of Mg transport across the rat ileum and colon in vitro when KC1 was substituted for NaC1. Theories as to the exact mechanisms of Mg absorption in the rumen are complex, but appear to be related to a Mg2+-K+-Na + interrelationship (Brown et al., 1978; Martens et al., 1978) . Previous test diets evaluating the influence of K upon Mg absorption have contained constant Na and variable K, thereby altering the dietary K to Na ratio (Newton et al., 1972; Frye, 1975; Tomas and Potter, 1976; Greene et al., 1983a,b,c) . The objective of the present study was to determine the involvement of both Na and K in influencing Mg availability and balance in ruminants. 
Experimental Procedure
Nine crossbred wether lambs (average weight, 27 kg) were used in two metabolism trials. For trial 1, the animals were blocked according to apparent breeding and weight and randomly assigned, within blocks, to three treatments. In trial 2, the animals were reallotted 578 JOURNAL OF ANIMAL SCIENCE, Vol. 60, No. 2, 1985 from blocks with the restriction that no animal would receive the same treatment as in the previous trial. Treatment diets contained the following percentage K and Na levels: .54, .45 (control); 2.2, .43 (high K) and 2.1, 1.0 (high K--high Na). High K and Na levels were attained by adding 30.54 g/d K2COa for the high K and high K-high Na diets, and 14.68 g/d NaCI, for high K--high Na diet. These supplements were added to the basal diet (table 1) and hand-mixed before feeding. Lambs were fed 400 g of the basal diet at 0600 and 1800 h. The diet was formulated to meet the NRC guidelines (NRC, 1975) for protein, Mg, Ca and P.
Additions of K and Na salts were gradually introduced to the respective diets at 10%/feeding during a 5<1 transition period. A 10-d preliminary period followed in which the animals were fed their daily aliquot of feed for each treatment. The 10-d preliminary period was followed by a 5-d collection period of feed, feces and urine. Feed samples were taken daily beginning 2 d before the collection period and ending 2 d before the end of the collection period. Animals were kept in metabolism units that permitted total collection and separation of feces and urine. Feces were collected daily and dried in a forced-air oven for 48 h at 60 C. Dried fecal collections were composited by animal, weighed and sampled at the end of each trial. Daily urine collections were diluted to a constant weight and a 2% aliquot (by volume) was composited for analysis. Blood samples were taken 3 h postfeeding and rumen fluid pH was measured 5 h postfeeding the day after the collection period in each trial. Feed and fecal samples were ground through a l-ram screen and wet ashed by the procedure described by Sandel (1950) . Feed, fecal, urine and serum samples were analyzed for Na, K, Ca and Mg by atomic absorption spectrophotometry using a Varian Techtron AA-6 spectrophotometer. All data were analyzed using the General Linear Models procedure of the Statistical Analysis System (SAS, 1979) . Trials and blocks were used in the statistical model. When statistical significance was indicated, means were separated by use of Tukeys Studentized Range Test (SAS, 1979) .
Results and Discussion
Magnesium balance data of lambs fed different amounts of K and Na are presented in table 2. Magnesium intake was similar for all three treatments. The quantity of fecal Mg excretion tended to increase (P<.10) when the high K or the high K-high Na diets were fed. This observation is in direct opposition to the suggestion by Martens and Rayssiguier (1980) that high dietary K in conjunction with low dietary Na is more important than high dietary K in depressing Mg absorption in the ruminant stomach. In the present study, there was a greater tendency for increased fecal (P<.IO) excretion and depressed (P<.10) absorption of Mg when additional Na was fed in combination with K. This response could be associated with changes in rumen water turnover, ruminal and cellutar pH or osmotic pressure changes with the inclusion of high levels of salts, K2 CO3 and NaC1 to the rumen. Newton et al. (1972) found that increasing K in the diet of lambs from .6 to 4.9% depressed Mg absorption by 49%. Greene et al. (1983a,c) reported depressions of 33 and 24% when lambs were fed 2.4% K as compared with those fed .6% K. In the present study, Mg absorption was depressed (P<.10) from .24 to .15 and .08 g/d with the inclusion of K or K plus Na, respectively.
Addition of K to the diet depressed urinary Mg excretion from .14 to .04 g/d (P<.10). Chicco et al. (1972) reported a high correlation between Mg absorbed and urinary Mg. They reported that urinary excretion of Mg is directly related to Mg absorption. Greene et at. (1983a) reported a 62% depression in urinary Mg excretion when Mg absorption was depressed 47% by the addition of 78.6 g of KHCO3/d to the diet.
Magnesium retention was not altered significantly by dietary addition of K or Na, but tended to decrease. Magnesium retention was positive during the 5-d collection period and animals showed no physical signs of Mg deficiency. Greene et al. (1983a) reported a small increase in fecal K excretion and a linear increase in K absorption by feeding increased amounts of K. Newton et al. (1972) found that feeding Iambs 4.9 vs .6% K resulted in no change in fecal K, but a higher quantity of K absorbed and retained and larger amounts of K excreted in the urine. Greene et al. (1983a,b,c) also reported increases in apparent K availability for lambs and steers when increasing levels of KHCO3 were fed. This increase in apparent availability was attributed to a relatively constant K loss in the feces regardless of K intake. At low K intakes, the endogenous fecal K would represent a much larger percentage of the K consumed than at high K intakes.
Potassium retention increased from .82 to 4.07 and 3.40 g/d when lambs were fed additional K and K plus Na, respectively. Other researchers (Newton et al., 1972; Greene et al., 1983a,b,c) have reported similar increases in K retention when animals were supplemented with additional K. Greene et al. (1983a) over a longer period of time, daily K balance would undoubtedly have returned to the lower level. Potassium retention expressed as a percentage of intake or absorbed K was not affected by treatment. Newton et al. (1972) and Greene et al. (1983a) reported a significant depression in fecal Na excretion with the addition of KHCO3 to the diet of lambs. In the present study, addition of K2CO3 did not depress (P>.05) fecal Na excretion (table 4). Sodium absorption was similar for the control and K-supplemented diets, but addition of Na increased (P<.05) the quantitiy of Na absorbed, expressed as g/d and percentage of intake. This increase in Na availability is probably due to a constant fecal excretion of Na regardless of Na intake and not to a change in true Na availability.
Feeding an increased amount of Na increased (P<.05) urinary Na excretion. This resulted in an increase (P<.05) in total excretion of Na by animals supplemented with NaC1. As a result of the increased urinary Na excretion, Na retention was not significantly affected by dietary intake of K or Na.
Serum mineral values were not significantly affected by K and Na feeding (table 5) . Serum Mg values ranged between 2.2 and 2.4 mg/dl, which are normal for lambs fed this type of diet. It can be concluded that the lambs were able to absorb enough Mg from their respective diets to maintain normal serum Mg levels. Although K retention was increased by K supplementation, serum K values were not affected. Serum Na values were not altered by Na supplementation. This was primarily due to increased urinary excretion of K and Na during periods of elevated K or Na intake, respectively.
Although not significant, rumen fluid pH (table 5) tended to be higher with K2CO3 supplementation. Potkanski et al. (1980) reported a depression in Mg solubility when rumen fluid pH increased from 6.5 to 7.3 using in vitro fermentation. At pH 5.7 to 6.5, approximately 95% of the Mg was soluble. In the present study, rumen fluid pH was well below the critical level of 6.5. Martens and Rayssiguier (1980) indicated that a high K level should not have a serious effect on Mg absorption if animals are fed a diet sufficient in Na. In the present study, addition of Na as,NaC1 to diets of lambs fed 2.2% K as the carbonate did nor alleviate the negative effect of K on Mg absorption. In fact, addition of Na tended to decrease (P<.10) Mg absorption, possibly due to changes in digestive tract water turnover, ruminal or cellular pH or osmotic pressure changes.
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